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REMARKS 

Claims 1 through 20, 25 through 38, and 4 0 are 
presented for examination in the present application upon 
entry of the instant Preliminary Amendment • Claims 21 
through 24 and claim 39 are cancelled by amendment in this 
Preliminary Amendment. 

Applicants submit the attached substitute 
specification in accordance with the requirements of 37 
C.F.R. §1,125, including both a marked-up version and a 
clean version. The specification has been amended to 
include the headings required by MPEP 608.01(a), to remove 
references to the claims, to correct grammatical errors, 
and to appropriately claim priority to an international 
application. No new matter has been added to the 
specification. 

The abstract has been replaced to conform to the 
requirements of MPEP 608.01(b). 

The claims have been amended to conform to U.S. 
practice. Specifically, the claims have been amended to 
remove multiple dependencies, to provide proper antecedent 
basis to all claim elements, and to correct grammatical 
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errors. Also, claims 1, 12, 16, 20, 28, 30, 32, and 36 
through 38 have been amended to include the transitional 
phrase ''comprising" and ''wherein" as appropriate. These 
claim amendments merely make explicit what had been 
implicit in the claims, and should not affect the scope of 
equivalents to which the claims are entitled. 

In view of the above, it is respectfully submitted 
that the present application is in condition for 
examination. Applicants respectfully request favorable 
consideration and passage of this application to allowance. 
If for any reason the examiner feels that consultation with 
Applicants' attorney would be helpful in the advancement of 
the prosecution, the Examiner is invited to call the 
telephone number below for an interview. 



Respectfully submitted. 





Charles N.J. Riiggiercy V 
Reg. No. 28,468 

Attorney for Applicants 

Ohlandt, Greeley, Ruggiero & Perle, 

One Landmark Square, 10^^ Floor 

Stamford, CT 06901-2682 

Tel: (203) 327-4500 

Fax: (203) 327-6401 
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SUBSTITUTE SPECIFICATION - MARKED VERSION 




S urfaco with reduced particle dopooition and reduced ice 

formation SURFACE WITH REDUCED PARTICLE DEPOSITION AND 

REDUCED ICE FORMATION 

5 CROSS REFERENCE TO RELATED APPLICATIONS 

Pursuant to 35 U.S.C. §365, this application claims the 
benefit of International Application No. PCT/EP2004/011227, 
filed October 1 , 2004, the entire contents of which are 
10 incorporated by reference herein. 

DcGcription 

BACKGROUND OF THE INVENTION 

15 1. Field of the invention 

The invention relates in general to surfaces along which 
media, e.g. gases, liquids or multi-phase mixtures are 
flowing, especially to a device for transportation of a 
20 flowing medium and/or for heat exchange between a flowing 
medium and the device and also to the application of such 
devices . 

2. Description of Related Art 

25 

Surfaces along which media are flowing play a role in many 
technical areas and in a variety of applications. 

1 



From EP 92 911 873.5, PCT RU92/00106 and EP 96 927 047.9, 
PCT/EP96/03200, surfaces with a special three-dimensional 
surface structure are known, where the process when a 
continuous medium like a gas, a liquid or a two-phase 
mixture flows along the surface is accompanied by self- 
organization of secondary twisted tornado-like jets 
originating on the surface and flowing out of it into the 
parent flow. 

It is further known that friction could be reduced by means of 
the self-organizing secondary vortices and that in addition 
heat transfer between the surface and the streaming media, 
e.g. gases, liquids and two-phase mixtures containing gases 
and liquids could be increased. 

A problem which often arises when media are flowing along a 
surface is the deposition of particles on the surface. An 

pipeline. Due to the deposition of particles on the inner 
surface of the pipeline time-consuming and costly cleaning 
becomes necessary. 

In air-conditioning systems a heat exchange takes place 
between a surface and a medium, which flows along the 
surface. The problem here is especially that of ice 
formation on the surface. This problem for instance arises in 
air-conditioning systems of commercial aircraft-s, where only 
small amounts of fresh air are supplied and the air 
therefore has a high moisture content. 



BRIEF SUMMARY OF THE INVENTION 

Therefore it is an object of the invention to show a way 
how the deposition of particles and/or the formation of ice on 
5 a surface, along which a medium flows, can be reduced. 

The object of the invention is achieved in a surprisingly 
simple manner by a the subject matter of the present 
inventio n onc of the attached indcpondont claimo. 
10 Advantagcouo cmbodimonto and rcfincmonto arc dofincd in 
the rcspcctivG dependent claims. 

The inventors surprisingly found that the formation of 
secondary vortices on surfaces with a special three- 
15 dimensional surface structure as described in EP 92 
911 873.5, PCT RU92/00106 and EP 96 927 047.9, 
PCT/EP96/03200 also has the effect that particles are 
moved away from the surface, thereby reducing the 
deposition of particles and the formation of ice. 

20 

Accordingly, an inventive device for transport of a 
flowing medium and/or for heat exchange between a 
flowing medium and the device comprises at least one 
surface having a plurality of dimples. 

25 

In a preferred embodiment of the invention the dimples are 
arranged periodically on the surface. 

In another preferred embodiment of the invention the 
30 centers of three adjoining dimples form an equilateral 
triangle, the distance between the centers of two 
neighboring dimples and the distance between two rows of 
dimples each having a constant value. 
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Preferably the dimples have a two-dimensional edge as a 
boundary and with advantage the dimples are rounded at the 
edge towards the remaining surface. 

Such a geometry of a surface especially improves the flow 
properties with respect to friction resistance as also with 
respect to heat and mass transfer for surfaces, along which a 
medium flows, which consists of a gas, a liquid, a two- 
phase mixture, or a mixture of multiple phases. 

The underlying principle are secondary vortices, which 
originate in the dimples and lead to an organized 
transportation of medium from the surface to the main flow. 
Due to the reduced pressure inside the vortex flows the 

boundary layer is sucked in, so that the thickness of the 
boundary layer does not increase. 

Advantageously the dimples essentially have the form of a 
section of a sphere or an ellipsoid. 

Further forms and arrangements of dimples are disclosed in 
the applications EP 92 911 873.5, PCT RU92/00106 and EP 
96 927 047.9, PCT/EP96/03200 , which are completely 
incorporated here by reference. 

Accordingly the form and arrangement of dimples can be 
expressed by the equation 
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wherein the parameters of the equation can be chosen 
differently depending on the type of medium, the form and 
5 dimensions of the transport channel, the flow velocity, the 
temperature of the medium and of the surface and further 
factors. 

With advantage the device is provided with at least one 
10 transport channel, wherein the at least one surface, which 
has a plurality of dimples, is provided as the inner 
surface of said transport channel. 

Preferably the at least one surface is provided such that in 
15 the proximity of the surface vortices are formed in the 

medium, when the medium flows along the surface. In this 
way the forming of flows in certain directions in the 
vicinity of the surface is promoted, leading to a 
transportation of particles away from the surface, thereby 
20 reducing the deposition of particles and the formation of ice 
as compared to a flat surface . 



The problem of ice formation especially arises when a 
medium is to be cooled, like for instance in an air- 
conditioning system. When in an air-conditioning system for 
25 cooling a medium, the medium is led through a flow channel, 

ice formation on a flat surface increases towards the end 
of the channel, i.e. the more the medium is already cooled 
while flowing through the flow channel. Experiments 
performed by the inventors showed that when using a flow 
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channel^ which comprises an inner surface with a plurality of 
dimples according to the invention, the increasing ice 
formation towards the end of the flow channel is reduced. 
Furthermore, in the area of the dimples themselves, from 
5 which the vortices start, a clearly reduced ice formation 
could be observed in comparison with the remaining surface - 

Therefore, it is especially advantageous to use a device 
according to the invention in an air-conditioning system. 
10 Due to the reduced ice formation the availability and 

reliability of an air-conditioning system can be improved. 

The invention further proposes a surface, which comprises 
dimples, wherein the edges of said dimples are rounded, 
15 thereby forming a central dimple area and at least one 
curvature area for each dimple, which continuously connects 
the dimple to the surrounding surface. 

Preferably said central dimple area essentially has the 
20 form of a section of a sphere or an ellipsoid. 

With great advantage said curvature area of the 
surface comprises at least a first curvature area and 
a second curvature area, the first curvature area having 
a different curvature than the second curvature area. 
25 Preferably said first curvature area is rounded with a 
first rounding radius and said second curvature area^ 
is rounded with a second rounding radius. 

For certain applications a surface comprising dimples 
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having a relatively low depth in relation to the diameter is 
preferable. In this regime it can be of special advantage 
to combine two different, consecutive curvature areas to 
realize different sizes of the central dimple area. 

Also two curvature areas are very advantageous in order 
to achieve a gentle transition from the dimple to the 
surrounding surface, thereby reducing the probability of 
destruction of the advantageous secondary vortices, which 
originate in the dimples. 

With advantage the dimples are arranged periodically on the 
surface. In order to realize a good coverage of the 
surface, the centers of three adjoining dimples preferably 
15 form a triangle as described above. The maximum coverage 
can be reached in this kind of arrangement when the 
curvature areas of said three adjoining dimples are in 
contact with each other. Even in this arrangement a small 
area of flat surface remains in the center of three 
20 respective adjoining dimples. In this location preferably 
additional smaller-sized dimples are provided, by which the 
flow properties can be further improved. 
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Further a device for transportation of a medium lies within 
the scope of the invention, which comprises at least one 

25 surface with dimples as described above. With advantage the 
surface with dimples is provided as an inner surface of a 
transport channel, in particular a pipe, of the device, in 
which the medium is transported. The implementation in such a 
device is of advantage due to a further result of the 

30 described surface structure found by the inventors, 

consisting in a reduced deposition of particles on the 
surface compared to a flat surface. 

7 



Further a device for heat exchange between a flowing medium and 
at least one surface of the device, in particular an air- 
conditioning system or part thereof, is proposed, wherein 
the at least one surface is provided with dimples. Here it 
5 can be taken advantage of the effect of reduced ice-forming 
on a surface, which comprises the described dimples, in 
comparison to a flat surface - 

Also a layer or coating for applying on a surface is 
10 proposed, which comprises a surface with the described 
dimples. By use of such a layer, a. device having a surface 
along which a medium flows can be upgraded for improved 
flow properties, such as reduced friction resistance or 
improved heat or mass transfer or a combination thereof. 

15 

For this purpose the layer can advantageously be provided 
with a first side and a second side, wherein said first 
side comprises dimples as described above and said second 
side comprises a self-adhesive coating. 



20 Accordingly the invention proposes a method for producing a 
surface with reduced particle deposition and/or reduced ice 
formation and/or reduced friction resistance and/or 
improved heat exchange with a surrounding medium, 
comprising the step of applying a described layer onto said 

25 surface. 



Also a method is proposed for producing a surface with 

reduced particle deposition and/or reduced ice formation 
and/or reduced friction resistance and/or improved heat 
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exchange with a surrounding medium, which comprises the 
steps of 

- providing a workpiece with at least one surface and 

- imprinting into said at least one surface a structure 
5 comprising dimples. 

Another inventive method for producing a surface with 
reduced particle deposition and/or reduced ice formation 
and/or reduced friction resistance and/or improved heat. 
10 exchange with a surrounding medium, comprises the steps of 

- providing a casting mold with at least one structured 
surface and 

- molding, in particular injection molding, of a workpiece 
with at least one surface comprising dimples by means of 

15 said casting mold. 

The invention is not limited to the described production 
methods, but shall also encompass any other method, which is 
suitable to produce a surface comprising the above 
20 described dimples. 

Also within the scope of the invention lies the usage of a 
surface with dimples as described above as a surface of a 
device for transportation of a medium or a device for heat 
25 exchange, in particular the usage of such a surface as a 
surface of a flow channel for reducing particle deposition 
and/or ice formation, when a medium flows along the 
surface . 

30 The invention further proposes an air-conditioning system for 
cooling a heat exchange medium, comprising at least one flow 
channel for the heat exchange medium, wherein the inner 
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surface of the flow channel is provided with a plurality 
of dimples. 

In the following the invention is described exemplary in 
5 more detail on the basis of preferred embodiments and with 
reference to the enclosed drawings. Therein same reference 
marks in the drawings indicate same or similar parts. 
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It is 


shown in: 







Fig. 1: a schematic diagram of a preferred embodiment of 
15 an inventive device, 

Fig. 2: a schematic diagram of a first distribution of 
dimples. 

Fig. 3: a schematic diagram of a central cross section 
through a dimple of Fig. 2 perpendicular to the 
20 surface. 

Fig. 4: a schematic diagram of a second distribution of 
dimples, 

Fig. 5: a schematic diagram of a cross section through 
a dimple according to a second preferred 
25 embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 



An inventive device can be provided for instance as a pipe 1 
30 as shown in Fig. 1, the inner surface 2 of which pipe 1 
having a regular structure of dimples 4 with a two- 
dimensional edge 3 as boundary. This pipe can be utilized 
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as a transport channel for transportation of a medium. The 
significant improvement achieved by using the inventive 
surface in this embodiment lies in a reduced deposition of 
particles on the surface due to the suction of the boundary 
5 layer from the surface into the main flow by means of the 
self-organizing vortex flows originating in the dimples. 

Furthermore, because of the same reasons the forming of ice on 
the surface is reduced, so that such a pipe can also be 
10 utilized with great advantage in a device, in which a 
medium is to be cooled, like an air-conditioning system, 
especially an air-conditioning system used in an airplane. 

Fig. 2 shows schematically a preferred distribution of 
dimples 4 on a flat surface. The dimples 4 are arranged 
periodically, wherein the centers of three directly 
adjoining dimples 4 form an equilateral triangle. The angle a 
therefore has a value of 60°. The distance between the 
centers of two adjoining dimples 4, which is equal to the 
length of a side of the triangle, has a constant value t2. The 
distance between two rows of dimples 4, which equals the 
height of the triangle, has a constant value ti. The 
parameters ti and t2 can have different values depending on the 
purpose for which the surface shall be utilized. The dimples 
4 and the remaining surface are separated by the edges 3. 
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Fig. 3 shows a cross section through the center of a 
dimple perpendicular to a flat surface. In this embodiment 
the dimple essentially has the form of a calotte with 
30 radius Ri, height h and diameter d, which is rounded at the 
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edges with a rounding radius R2- Thereby in this example 
the dimple is symmetrical with respect to rotation around 
dimple rotation axis through the surface. 

Fig. 2 and 3 show an example of form and arrangement of 
5 dimples on a flat surface, which is shown in Fig. 1 

deformed to form a pipe. Depending on several parameters, 
as for instance the type of medium, the form and dimensions of 
the transport channel, the flow velocity and the temperature 
of the medium and of the surface, various other foms and 
10 arrangements of dimples also lie within the scope of the 
invention . 

Fig. 4 shows schematically a top view of a distribution of 
dimples comprising a central dimple area 110, a first 
15 curvature area 120 and a second curvature area 130, the 
named areas being arranged consecutively from the center of 
the dimple to the outside. 

The central dimple area has a diameter of di, the first 
20 curvature area has a diameter of da and the second 

curvature area has a diameter of ti. The dimples are 
arranged similar to Fig. 2, but in this preferred 
embodiment the outer rims of two adjoining dimples are in 
contact with each other for a maximum surface coverage. 

25 

Again, the centers of three adjoining dimples form an 
equilateral triangle, the distance between the centers of 
two adjoining dimples having the constant value ti and the 
distance between two rows of dimples having the constant 
30 value ta. In this embodiment therefore the diameter of the 
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second curvature area equals the distance between two 
adjoining dimples ti. 



A small area of surface remains in the center between three 
5 adjoining dimples. In this location preferably additional 
smaller-sized dimples 200 can be provided, thereby further 
improving the flow properties of the surface. 

The cross section AA' through the center of a dimple 
10 perpendicular to the surface is shown in more detail in 
Fig. 5. 

The central dimple area 110 essentially has the form of a 
section of a sphere, followed in the outward direction by two 
15 consecutive curvature areas. Since the curvature areas can be 
described as an arc, which is rotated in space, they have a 
surface formed as a part of a torus or similar thereto. 



The form of the central dimple area, of the first curvature 
20 area and of the second curvature area in the shown cross 

section perpendicular to the surface and through the center of 
the dimple is defined by the following parameters: 
di: Diameter of the central dimple area, 

d2: Outer diameter of the first curvature area, 

25 ti: Outer diameter of the second curvature area, 

Ri, Ci: Radius and center point of the sphere, the section 
of which forms the surface of the central dimple 
area, 

R2, C2: Radius and center point of the rounding radius of the 
30 first curvature area, 

R3, C3: Radius and center point of the rounding radius of 
the second curvature area. 
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Pi: Transition point from the central dimple area to 

the first curvature area, 
P2: Transition point from the first curvature area 

to the second curvature area, 
5 P3: Transition point from the second curvature area to 

the surrounding surface, 
hi: Difference in height between the lowest point 

of the central dimple area and the outer rim of 
the central dimple area, 
10 ha: Difference in height between the inner rim of 

the first curvature area and the outer rim of 
the first curvature area, 
hs: Difference in height between the inner rim of 

the second curvature area and the outer rim of 
15 the second curvature area, 

ai: Angle between the y-axis and a line connecting 

C2 and C3/ 

a2: Angle between the x-axis and a line connecting 

Ci and C2, 

20 f : Parameter related to the portion of the surface 

covered by the central dimple area in relation to 
the combined area of central dimple area and 
curvature areas . 



25 There is one point, in which the circle with radius Ri, 
being part of the sphere that forms the central dimple 
area, and the circle with radius R2, defining the curvature of 
the first curvature area, have a mutual tangent. Further, 
there is another point, in which the circle with radius R2 

30 and the circle with radius R3 have a mutual tangent. 
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To completely describe the form of the dimple a set of 
parameters, in particular the parameters di, ai, a2, R2/R1 and 
f, are chosen according to the necessities of the specific 
purpose the surface shall be used for and depending on 
whether drag reduction or improved heat exchange has 
priority. For most purposes the coverage of the surface by 
the central dinple areas lies below 70%, but also a greater 
coverage falls within the scope of the present invention. 

The remaining of the named parameters can be calculated by 
means of the following equations: 
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/12 = i?2 ■ (cos a 2 - cos a, ), 
Aj =^3 (l-cosaj). 



H = hi+h2+hj, 
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C, = (XcxJcx) with Xc, = 0, Yc, =R,-H, 



C2=(Xc2Jc2) with Xc2=y 



V ^1 J 



C^=(Xc,Jci) with Xc,=^, Yc3=-\' 



P^^{Xp„Y„) with X,^=^, Ypx=H-h,, 

P2={Xp2,Ypr) with ^^.^ = ^-iJj -sino^, y„ = /ij (cosaj -l) , 
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P,={X,„Y,,) with X„=^r' 
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said equations being defined in a two-dimensional 
coordinate-system with the x-axis in the plane of the surface 

and with the y-axis through the center of the dimple and 
perpendicular to the surface. 
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